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Tém tat. Bai bao nay trinh bay qua trinh t6i wu hoa cac thong s hinh hoc ctia dao bam chai nhya sir dung
mang truc giao va phan tich phuong sai (ANOVA). Pau tién, do mon hay d6 bién dang cta dao dugc lya
chon dé danh gia két qua t8i wu hoa. Béy thong s6 hinh hoc chinh cuia dao duoc lya chon, mdi thong sb ¢co
ba murc; riéng thong s6 vat mép chi c6 hai mirc (co va khong). Do d6, mang truc giao Lig 1a phit hop cho
quy hoach thuc nghiém trong nghién ctru nay. Phin mém COMSOL® dugc dung d& mo phong qua trinh
bién dang ctia dao dua trén mang Lig nay. Vi nhan té vat mép gy nhiéu qué 16n t6i két qua mo phong, chi
¢6 dao dugc vat mép mai tiép tuc duge ding cho mo phong. Két qua 1a chi con lai sau nhan t6 du vao.
Sau khi ¢ két qua tir 18 mé6 phong, ANOVA va ty sb S/N duoc dung dé tim ra cac mirc théng sb tdi vu
va tac dong ciia chung toi dic tinh chat luong dang khao sat. Mot mo phong bd sung duoc thuc hién dé
chting minh tinh hiéu qua cta phuong phap Taguchi. Két qua thu duogc 1a 0.16209 pm, t6i uu hon 18 két
qua da thyc hién trude d6. Sau d6, mot bd dao voi cac thong s6 tdi wu duoc ché tao va bam thur nghiém.
Két qua d6 mon cua cac bo dao trude va sau khi t6i wu hoa duoc do boi kinh hién vi dién tir ICamScope®.
Két qua do nay xac nhan, dao t6i wu c6 d6 mon bé hon. Tur do, ta c6 thé két luan rang phuong phap
Taguchl 1a mot cong cu don gidn nhung hiéu qua cho t6i wu héa qua trinh cho mot cong nghé truyén
théng nhu bam / nghién chai nhya. Két cau dao tim duoc ctng chic, khong bi bién dang déo nhu dao bam
d4 cong bd, anh hudng xau téi qua trinh bam.

Tir khoa. May bam nhwa, Dao bam, Téi wu héa, Taguchi, ANOVA.

ATAGUCHI NUMERICAL AND EXPERIMENTAL OPTIMIZATION OF
GEOMETRICAL PARAMETERS OF SHREDDER BLADE FOR PLASTIC BOTTLE
SHREDDER

Abstract. The objective of this investigation is to optimize geometrical parameters of shredder blade for
plastic bottle shredder utilizing Taguchi orthogonal array and analysis of variance (ANOVA). As the first
step, the wear or deformation of the plastic shredder was selected as the quality of characteristic to be
optimized. Seven geometrical parameters of the blade were then chosen to be analyzed as the influencing
factors toward the wear for optimization purpose. Three levels of each factor (except chamfer factor) were
considered for a better understanding of the non-linear effects of them. Hence Lis orthogonal array was
suitable for interpretation of all seven factors. As the next step, a numerical investigation of the
deformation of the blade was carried out by utilizing this array via COMSOL®. Because the chamfer
factor caused too much noise to the wear results, only chamfered blades were considered in this study.
Therefore the orthogonal array was reconstructed with six remaining factors. As the next step, 18
numerical simulations were carried out by utilizing the combination of process parameters based on this
Lig array. Then, the S/N ratio and ANOVA were used to find the optimal levels to indicate the impact of
the geometry parameters on the deformation results. A verification simulation was also performed to
demonstrate the effectiveness of the Taguchi method, resulting in a lower deformation (0.16209 pum) than
that of any previous 18 results. A new set of the optimized blade was fabricated and experimented. An
ICamScope® microscope was used to measure the wear of both before and after optimized blades,
showing slightly lower wear. Hence, it can be concluded that Taguchi method is a simple but effective
tool to optimize such a traditional technology as plastic bottle shredding. The improved blade was found
to be firm and free of plastic deformation.

Keywords. Plastic shredder, Shredder blade, Optimization, Taguchi, ANOVA.
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1 GIOITHIEU

Ngay nay, nhya da tr¢ thanh mot trong nhitng vat liéu dugc st dung phé bién nhét trén thé gidi [1]. Do do,
chat thai nhya da trg thanh mdi de doa 16n ddi v6i moi truong do thoi gian phan huy dai, luong chat thai
nhwa khong 16, khong phéan haty sinh hoc va lam can kiét tai nguyén thién nhién [2]. Do d6, nhu cau tai
ché nhua, trong d6 mdt loai sb nhua duogc xur ly dé tai st dung, dang tang lén tirng ngay. Tai ché 1a mot
trong nhitng hanh dong can thiét hira hen nhat dé giam tac dong moi trudng cua chat thai nhya, vi n6 lam
giam lugng khi thai COz, sir dung dau va luong chat thai can dugc xir 1y [3]. Khi tai ché nhya thai, dé
tang cuong tinh di dong, co thé d& dang va sin sang sir dung trong cic san pham mdi khac, nhua thai phai
dugc giam kich thudc thanh cac hat nho hon bang may bam nhua.

Do tdm quan trong ctia qua trinh bam nho, da c6 nhiéu nghién ctru lién quan dén thiét ké va phat trién
mAay bam nhya. Ayo, Olukunle, va Adelabu tir Nigeria [2] d4 phat trién mot may bam nhua thai gia ré cho
céc nha may quy mo vira va nho chuyén xir 1y nhya tai ché. May ciing duge danh gia & ba téc do lam viéc
vé kich thudc hat trung binh. Reddy va Raju [4] ciing ché tao m6t may bam nhya mini. Ho viét ring may
rat don gian, hiéu qua va chi phi thap. Tuy nhién, ludi dao va diéu kién lam viéc ciia may chua duoc phan
tich. Ciing nhu vay, cic cong trinh nghién ctru trong [5-11] ¢6 cung tinh hudng 14 cac may chua dugc
danh gia vé hiéu suat. Cung luc do, Jassi va cong sy [12] thiét ké va ché tao may bam/may nghién va may
dun cho hé théng tai ché nhya cua ho. Farayibi va cong sy. [3] cling trinh bay mot thiét k& cho mot may
tai ché nhua. Sau d6, phén tich cau triic dugc thyc hién bang cong cu phan tich phan tir hitu han (FEA)
trong tmg dung SolidWorks. Tuy nhién, ing suat cuc dai thu dugc dong gop khong nhidu cho su phat
trién va danh gia may.

Trong may bam nhua, ludi dao bam dong vai tro quan trong trong qué trinh bam nho vi nd quyét dinh
kich thudc cua cac manh vyun. Hon nira, n6 1a mét yéu t6 quan trong anh hudng dén hiéu qua lam viéc va
tudi tho ciia may [13]. Tuy nhién, cac thong sb hinh hoc cta dao cit va anh huéng cua chung ddi véi sy
mai mon va/hoic bién dang chua dwoc nghién ctru du. Trong [13], cac tac gia di tién hanh phan tich bién
dang va phan tich ing suit twong duong. Tuy nhién, nhitng két qua nay da khong duoc sir dung dé dénh
gia hodc tdi wu hoa thém. Theo cach tuong tu, Sekar [14] da thyc hién phéan tich téng bién dang, mbi
tuong quan gitra Gmg sut va bién dang bing phuong phap cau trac tinh. Sau do, ludi cit dugc cai tién
bang phuong phap lam cimg hodc ma crém hodc ting cac thudc tinh cia ludi cat. Nasr va Yehia tir Ai
Cap [15] va Yepes cung cac cong su tir Columbia [16] cling da phan tich Gng sudt tinh trong mot ludi cat
cho trudc voi ba va hai ludi cit tuong mng, dugc s dung dé bam nho nhya thai PET (polyetylen
terephthalate). Va trong [17], cac tac gia chi can kiém tra cac bién thé ciia phan phdi Gmg sudt & cac gia tri
luc khéc nhau bang SolidWorks® ma khong sir dung thém thong tin thu dugc nay.

Do thiéu s6t nay, mot quy trinh téi vu héa dung phuong phap Taguchi da dugc ap dung trong nghién ciru
nay. Phuong phap Taguchi 14 ky thuat thuong dugc sir dung dé thu duge cac gia tri toi uu cua cac tham )
lién quan [18]. Phuong phap Taguchi trude tién duoc ap dung voi viée xem xét cac tham s6 hinh hoc
quan trong cua ludi cit, dan dén cac gia tri t6i uu. Tir d6, cac tac dong cua cac tham s6 hinh hoc ddi véi
su hao mon/bién dang cta ludi cit duoc nghién ciru bang cach sir dung t6 hop ma dem dén két qua hao
mon/bién dang tdi thiéu.

2 PHUONG PHAP VA VAT LIEU

2.1 M@ ta ludi cit

Trong nghién ctru nay, hién tuong bién dang/mai mon cua ludi cit ciia may bam rac thai nhya nhu minh
hoa trong Hinh 1, d3 dugc nghién ciru. May bam nhua, 14 loai truc don, bao gdm 14 ludi cit nhu trong
Hinh 2. Hinh 2a cho thiy thiét ké cuia ludi cit. N6 duoc thiét ké dé c6 hinh chit S v6i hai dau bam va mot
16 hinh luc giac ¢ trung tam dé ¢b dinh v6i truc. Hinh 2b cho théy mot birc anh cua ludi dao bam duoc
ché tao dung phuong phap cit laser va mai.

Vit liéu dugc sir dung cho ludi cit 1a thép S45C c6 d¢ day 5 mm. Vat liéu dugc chon vi 1y do giam chi
phi, phu hop v6i cdc xuong san xudt quy mé nho. Trude khi gia cong tinh, cac ludi dao da duoc xu 1y
nhiét dé co cac dic tinh tét hon. Phuong phap t6i thé tich da dugc sir dung cho cac ludi dao trong nghién
ctru nay boi mot cong ty dia phuong. Bang 1 cho thay cac tinh chat quan trong ctia hai giai doan nay ciia
vat liéu dugc sir dung trong mé phong.
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Hinh 1. Hinh anh ctia méy bam chai nhya dugc phat  Hinh 2 (a) minh hoa vé ludi dao bam (b) hinh anh ctia ludi

trién trong nghién ciru nay dao bam duoc ché tao
Béng 1: Tinh chat vat li€u cta thép S45C trude va sau khi xur 1y nhiét dugc sir dung trong moé phong.
TT Tinh chét Trudce khi xt Iy nhiét Sau khi x1r Iy nhiét Pon vi
1 Khdi luong riéng 7.78x103 7.78x103 kg/m?
2 Young’s modulus (E) 205 460 GPa
3 Hé sc} Poisson 0.3 0.3 -
4 Hg¢ s0 gidn nd nhiét 125 125 1/K

Cho md phong, mét md hinh hinh hoc 2D da dugc xay dung cho toan bd ludi dao bam. Trong nghién ctlru
nay, cac phan tir tam giac da dugc sir dung dé phan chia hiru han mién tinh toan. M6 hinh duoc xay dung
v6i 9892 phén tir tam giac, 376 phan tir canh va 20 phan tir dinh.

Can luu y rang trong khi ludi dao bam nay ciing ¢6 hinh chit S giéng nhu loai ludi bim da cong b, phan
dau cua n6 da dugce cai tién. Pau cua ludi dao duge tao boi hai duong cong, sau do dugc cit theo duong
chéo, nhu thé hién trong phan chi tiét trong Hinh 4, dé ting do cing cta dau ludi. Pong thoi, dudng cit
chéo nay cho phép mai ludi bim ma khong can thao ludi bam ra, rat ngin thoi gian bao dudng, sira chita.
Hon nita, qua trinh mai sic khong lam thay d6i duong kinh ngoai cta ludi dao, kich thudc R60 trong
Hinh 2a. O cac loai ludi dao chwa cai tién, chai nhya c6 kha ning méc vao khe ho giita ludi dao va thanh
may hiy khi duong kinh ngoai cia ludi dao bi thay doi.

2.2 Phwong phap Taguchi

Ngay nay, phuong phép Taguchi ngay cang dwogc tng dung rong rdi trong lap quy hoach thuc nghiém
[19]. Phuong phép nay gop phan cai thién ndng suét trong qué trinh nghién ctu va phat trién, tao ra cac
san pham c6 chat lwong cao ma gia thanh thap. Nha nghién ctru Taguchi da phat trién phuong phap dua
trén thi nghiém mang truc giao (Orthogonal Array) nham giam céc tham sb cuaa thi nghiém véi su bé tri
thich hop cac didu kién thuan lgi nhat cua céc tham sé diéu khién dugc. Cac mang truc giao tao ra mot sy
can bang giira cac thi nghiém va ti sé Signal — to — Noise (S/N) la ham logarit cia dau ra mong mudn,
thoa man muc dich t6i wu hoa, gitp cho viéc phan tich va dyu doan két qua. Trong phuong phap Taguchi
thuat ngu “Signal” dé chi gia tri trung binh (gia tri mong mudn) cia myc tiéu dau ra va thuat ngu “Noise”
dé chi gia tri khong mong mudn. Do vay ti s6 S/N duoc st dung dé tinh su sai léch so véi gié tri mong
mudn [20, 21].

Ti s S/N dé téi uu hoa:

Nho6 hon-tét hon:

S/ N =—10xlog, | (1/n)xY(v?) ]
Lén hon - tot hon:

S/N(L) =—10xlog, | (1/n)x Y (1/y?)]

)

(2)
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Thiét ké cua cac thi nghiém st dung phwong phap Taguchi 13 hiéu qua hon so v6i phuong phap thong ké
khéc. Bang céach chon ding mirc ¢ phd hop ciia cac bién doc 1ap khéc nhau, s6 luong céc thi nghiém
dugc giam dang ké. Cung lac d6, khong mat mat bat ky théng tin nao do giam sb thi nghiém. Muyc tiéu
ctia Taguchi di giam thiéu su thay d6i xung quanh muc tiéu va nang cao chat lwong. Viéc sir dung va hoc
tap k§ thuat nay cho phép cac k¥ su, nha khoa hoc va nghién ctiu can it thoi gian cho quy hoach thuc
nghiém va phan tich két qua hon.Véi nhiing cai tién trong cong nghé may tinh, né dang tro thanh dé dang
hon dé str dung phuong phap Taguchi trong cac wng dung. Pho bién nhat 1a phan tich ky thuat ding cac
phan mém may tinh [21].

2.3 Luru d6 quy trinh t6i wu héa diung phwong phap Taguchi

Luu d6 quy trinh t&i wu hoa dugc thyc hién nhu minh hoa trong Hinh 3. Quy trinh co ban gdm hai budc 1a
md phong va kiém nghiém bang thyc nghiém.

Bat dau

[ Xac djnh dac tinh chét lwgng ]

Xac dinh cac nhan t6 anh hwdng ]ﬂ—

[ Lwa chon mang tryc giao ]

Sal

D lech so véi bd
s0 trung tam

Sal

[ Chay mé phong Comsol ]

[ Phan tich két qua |

Tisé SIN

[ Lwa chon cac thong s6 toi u’u]

[L@p quy trinh céng nghé va gia cbng]

Thye nghiém

Kiém tra dé bién dang

Hinh 3. Quy trinh ti wu héa thong sé dao bam.

3 MOPHONG

Trong nghién ctru hién tai, mot ph?m mém phan tich vat 1y, Comsol®, da duoc sir dung dé phan tich bién
dang cua ludi dao. Trong qua trinh bim nho, sy bién dang cua ludi dao bam c6 ngudn gbe tir trd lwe cua
nhya vi cac chai nhya duoc cat nho thanh timg manh nho. Dé phan tich chinh xac hién tugng bién dang,
phan mém phan tich sir dung md hinh ran dan hdi tuyén tinh (loai dang hudng) véi vt liéu dan hoi tuyén
tinh. Cac phuong trinh dugc trinh bay dudi day:

—V.o=Fv 3)
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=S (@)
Pinh luat Duhamel-Hooke mé ta mdi quan h¢ gitta ten-xo ting suit v4i ten-xo bién dang va va nhiét do:
s—s,=C:(e—g,—ab) 5)

Ten-xo cua téng bién dang cing duoc md ta theo gradien cua bién dang:

&= 1[(Vu)T + Vu]
2 (6)

trong d6 Fv 1a luc trén mot don vi thé tich, so va & 1a ing suat va bién dang ban dau, C 1a tenxo dan hoi

bac 4, “:” la ten-xo kép, « la ten-xo gian nd nhiét, va 0 =T — Tt

4 KET QUA VA THAO LUAN
4.1 Luwa chon cic tham s qua trinh va mang trye giao
C6 nhiéu kich thudc tao thanh hinh dang cta ludi dao bam. Tuy nhién, chi cdc kich thudc hinh thanh cac
dau bam duoc xem xét trong cach tiép can ban dau hudéng t6i toi wu hoa. Can lvu y rang dudng kinh
ngoai cia ludi dao, 120 mm, duge duy tri trong nghién ctru nay. Nhu mét sy tiép ndi cua cic cong trlnh
trudc do, nghién ctiru hién tai da sir dung lai may bam nhya, ngoai trir cac Iu6i dao bam. Hon nira, ba cap
d6 cua tung yéu td duoc thiét lap duya trén cac thir nghiém so bd. Boi vi cac kich thudc rang budc 1an nhau,
cac murc trong Bang 2 dé dugc chon dé ludi dao bam vén c6 hinh chir S. Bang 2 liét ké cac kich thudc va
ba cap d6 cua ching duoc sir dung trong nghién ctru nay. St dung phuong phap nay, mét nghién ctru dya
trén DOE va mé hinh bé mit dép ng c6 thé duoc x@y dung mét cach co h¢ thong.

Bang 2: Céc thong so hinh hoc ctiia dao bam.

TT  Kyhiéu Thong so Murc 1 Muic 2 Mic 3 Pon vi
1 A Buong kinh ®28 27.8 28 28.2 mm
2 B Toa do x ctia ®28 15.8 16 16.2 mm
3 C Toa dd y clia ®28 438 44 44.2 mm
4 D Puong kinh 100 99.8 100 100.2 mm
5 E Toa do x cia ®100 13.8 14 14.2 mm
6 F Toa dd y cua @100 9.8 10 10.2 mm
607 A 1A 1A i
i Diéu kién bién: F e
50 A 4
Co dinh d
a0 d
53
307 547
207] g
-567]
107 o
0] S8y
il 59| Piéu kién bién:
10 . -
> / 1 Lycbam
201 Piéu kién bién: i
30 Bien dang tu do 7]
407 647
507 F B
-18 16 -14 12 .10 -8 6 -4 -2 1]
60‘ I Ll ] ] I 1 ] I L} r
-80 -60 -40 20 0 20 40 60 80

Hinh 4. Diéu kién bién cho qua trinh mé phong.

Tir s6 lugng kich thudc di chon va cap do tuong tng cia chlng, mot tap hop con ciia mang truc giao Lis
(3% di dugc chon nhu trong Bang 3. 18 md phong s6 cho cac ludi dao dudi tac dong cua lyc bam duoc
thuc hién bang cach sir dung b kich thudc trong mang tryc giao. Cac diéu kién bién chinh ciia méd phong
dugc trinh bay trong Hinh 4. Trong do, F 1a luc cit tac dong 1én dau miii dao. Thong qua cac tinh toan ly
thuyét tir o bén cua chai nhya PET, do rong cua dao, dwong kinh cua chai nhua PET, d6 day cua chai, F
c6 gia tri 1809.54 N. Bé don gian héa qua trinh md phong, luc cét dugc dit theo phuong tiép tuyén véi
truc dao. M6 phong dugc thuc hién cho dao trong qué trinh hoat dong lién tuc, do d6, ca hai ddu miii dao
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déu chiu tac dong cua luc F, nguoc chidu nhau. Biéu kién bién cho tryc luc giac 1a cé dinh, khdng bi bién
dang. Tat ca céc phan con lai cua dao déu ty do bién dang.
Bién dang t6i da cua cac ludi dao, dugc du doan bang cac md phong So vaty 1¢ S/N tuong tng cling duoc
liét ké trong Bang 3. Vi bién dang, dac tinh muc tiéu cua nghién cau, can duoc giam thiéu dé dat dugc
qua trinh bam nho hiéu qua, cong thuc ty 1¢ S/N “nho 1a tot” duoc sir dung dé xac dinh ting ty 1¢ S/N.

Bang 3: Cau triic mang tryc giao Lis.

STN A B C D E F Do bién dang MSD S/N
1 1 1 1 1 1 1 0.1883 0.0355 14.5029
2 1 2 2 2 2 2 0.1780 0.0317 14.9909
3 1 3 3 3 3 3 0.1653 0.0273 15.6364
4 2 1 1 2 2 3 0.1774 0.0314 15.0239
5 2 2 2 3 3 1 0.1851 0.0343 14.6522
6 2 3 3 1 1 2 0.1741 0.0303 15.1818
7 3 1 2 1 3 2 0.1917 0.0368 14.3471
8 3 2 3 2 1 3 0.1721 0.0296 15.2859
9 3 3 1 3 2 1 0.1792 0.0321 14.9347
10 1 1 3 3 2 2 0.1820 0.0331 14.7979
11 1 2 1 1 3 3 0.1749 0.0306 15.1440
12 1 3 2 2 1 1 0.1702 0.0290 15.3787
13 2 1 2 3 1 3 0.1754 0.0308 15.1186
14 2 2 3 1 2 1 0.1957 0.0383 14.1660
15 2 3 1 2 3 2 0.1773 0.0314 15.0263
16 3 1 3 2 3 1 0.2019 0.0408 13.8986
17 3 2 1 3 1 2 0.1772 0.0314 15.0283
18 3 3 2 1 2 3 0.1760 0.0310 15.0914
Tong 3.2418 0.5853
Trung binh 0.1801 14.9003

4.2 KétquaSIN

Bang 4 trinh bay két qua ty 1é S/N duoc tom tat cho ting yéu td. Céac két qua ciing dugc vé trong Hinh 5,
minh hoa rd rang anh huong cua céc yéu td. Vi du, d6 dich chuyén cia dau bam cia ludi dao bam ting
1én khi dudng kinh ting ®28 (yéu to A), toa do x cua @100 (yéu td E) va giam toa do X cua ®28 (véu td
B), toa do y ciia ®100 (yéu t6 F) trong pham vi sir dung dién hinh. Ly do 1a khi nhiing yeu t6 nay thay do6i
nhu trén, phan dau cia ludi dao trd nén nhé hon va mong hon. Két qua 13, g suat ¢ dau ludi dao ting
I&n. Do d6, su bién dang da ting 1én twong Gng. Bang cach xem xét su khac biét gitra cac gla tri ty 1€ SIN
tbi da va tol thiéu, su dong gop cua tung tham sb ciing da tinh duoc. Hinh 6 cho thiy biéu do dong gop
cuia cac yéu t6. Nhu duoc hién thi, toa do y ciia @100 (yéu té F) 1a yéu té quan trong nhat anh huong dén

d6 bién dang.
Béng 4: Két qua ty s6 S/N cho mdi thong s cai dit.

Yéu to A B C D E F Toéng cong
Téng ‘[}7 Ml:rc 1 15.0751 14.6149 14.9433 14.7389 15.082 14.5888
16 SN Mic 2 14.8615 14.8779 14.9298 14.9341 14.8341 14.8954 44,7009

j Mic 3 14,7643 15.2082 14.8278 15.0280 14,7841 15.2167
Do chénh 1éch 0.3108 0.5934 0.1156 0.2892 0.2986 0.6279 2.2353
Phan tram % 13.90 26.54 5.17 12.94 13.36 28.09 100
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Hinh 5. Két qua phan tich ty 18 S/N cho thiy anh huong Hinh 6. Biéu dd muc dong gop cua ting tham sb dua trén
clia cac tham s dén do bién dang phén tich ty 1¢ S/N

4.3 Két qua phan tich ANOVA

Dé nghién ciru thém sy dong gop cua cac nhan t6 lién quan, phuong phap ANOVA da duge thuc hién nhu
trong Bang 5. Phu hop v6i phén tich ty 16 S/N, toa do x cua @28 (nhan t6 B) va toa d6 y cia @100 (nhan
to F) 1a cac nhéan td quan trong lién quan dén viéc giam bién dang. C6 mét sy khac biét nho vé mirc dd
dong gop clia cac nhan td mic du co mot xu hudng tuong tu gitta ty s S/N va cac phan tich ANOVA.
Céc phan tich ANOVA cho thiy bon nhan t5, dudng kinh @28 (nhan t§ A), toa do x ctia ®100 (nhan t6
E), toa do x clia @28 (nhan t6 B) va toa d6 y cua ®100 (nhén t6 F) c¢6 gia tri F 16n hon F (s25), do d6
biéu thi rang chi nhimg yéu t6 nay c6 y nghia thong ké.

Bang 5: Bang két qua ANOVA.

S f \Y F F.01,2,7) P% Xep hang
A 1.3357E-04 2 6.6785E-05 6.1504 5.78614 9.14 4
B 4.6493E-04 2 2.3247E-04 21.4082 578614  31.81 2
c 2.8001E-05 2 1.4000E-05 1.2893 578614  1.92
D 1.1502E-04 2 5.7509E-05 5.2961 578614  7.87
E 1.3948E-04 2 6.9740E-05 6.4225 578614  9.54 3
F 5.2626E-04 2 2.6313E-04 24.2322 5.78614 36.01 1
Sai s6 5.4294E-04 5 1.0859E-05
Tong cong 0.00146 17

4.4 Mb phéng kiém tra xac thuc

Ttr phan tich ty 18 S/N, bién dang t6i thiéu co6 thé thu dugc dudi su két hop ciia A1-B3-C1-D3-E1-F3 nhu
dugc chi ra trong Hinh 5. Tir hinh dang cua ludi cat, sy két hop nay md rong dau dao bam, va do dé giam
thiéu su bién dang. Két qua nay dugc kiém tra xac thyc bang phan mém Minitab®. Két qua xac thuc
(Hinh 7) cho thiy sy nhét quan vé6i két qua tinh thi céng bing Excel®. Piéu nay cho thiy tinh chinh xéac
clia qué trinh van dung cong thirc. Thuc tién cho thy, cac ki su trong cac phin xudng san xuét chi vén
dung phan mém, chang han nhu Minitab®, dé ti thiéu hoa thoi gian quy hoach thuc nghiém va phan tich
ket qua.

Mot mo6 phong bd sung da dugc thuc hién b:lfmg cach str dung cac diéu kién nay nhu mét thtr nghi€ém xac
nhan. Két qua cho thay d¢ bién dang tbi da 1a 0,16209 um, Hinh 8. Gi4 tri nay thap hon gia tri bién dang
clia tt ca cac truong hop duogc liét ké trong mang truc giao trong Bang 3
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Main Effects Plot for SN ratios
Data Means
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Hinh 7. Két qua thuc hién phuong phap Taguchi bang phan mém Minitab®.
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Hinh 8. Phan b ciia bién dang cua dao c6 cac yéu té hinh Hinh 9. Hinh anh Iudi cit dwoc sir dung trudc diy thong
hoc da dugc toi uu hoa gua Icamscope®

4.5 Thyc nghiém kiém tra xac thyc

Dé xac thuc cac yéu tb hinh hoc tbi wu thu duoc bang phuong phap Taguchi, mdt thi nghiém xac nhan da
dugc thyc hién. Trong thi nghiém, hai loai ludi cit, dugc dé xuit tir phuong phap Taguchi va dao cii, da
dugc st dung ddng thoi. Didu dang chi y 1a cac ludi dao bam cii, duoc sir dung trude ddy trong xuong, da
bi bién dang d& dang nhu trong Hinh 9 sau khoang nam gio lam viéc lién tuc. Hai loai ludi dao bam méi
sau do ciing dugc do bang kinh hién vi dién tir sau khoang nam gi¢ lam viée lién tuc. Can luu ¥ rang bién
dang cia miii dao 1 bién dang khong dang huéng. Cac dau miii dao trong cac Hinh 9, 10 va 11 da dugc
mai phang trude khi do. Trude khi cai tién, mili dao trong Hinh 9 thé hién su bién dang bat dang hudng
rat 13 rét, két qua bién dang nay khong thé do va phén tich dinh lwong. Sau khi cai tién, mii dao clng
chéc hon, cac bién dang chi con rit nho (sau 5 gio hoat dong lién tuc). Do d6, su thay ddi ban kinh dau
dao duogc lya chon 1a thong sb danh gia su bién dang cua dao.

Céc Hinh 10a va b lan luot hién thi kich thu6c ciia ddu bam cua ludi cét tir dao sb #3 trong Bang 3 va dao
c6 bién dang theo dé xuét tir phwong phap Taguchi trudc khi chay thir nghiém. Kich thuge cua ching gan
nhu gidng nhau, 63 pm so v&i 62 um. Con cac Hinh 11a va b hién thi kich thudc cua ching sau khoang
nam gid lam viéc lién tuc. Ban kinh ciia dau bam cua ludi dao bam sb #3 ting 1én 88 pm trong khi cua
ludi dao tir Taguchi 1a 71 um. Tur thir nghiém xac nhén nay, ta c6 thé ket ludn duge rang phuong phap
Taguchi c6 thé tao ra mot sy két hop cac thong sb kich thude hinh hoc tét hon dé c6 thé giam thiéu do
bién dang ctia dao bam.
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@ (b)

200 pm Ban kinh miii dao: 200 pm Ban kinh mii dao:

0.063 mm 0.062 mm

Hinh 10. Anh chup lu@i dao bam trudc khi thir nghiém qua Icamscope® (a) trudng hop #3 (b) sau khi ding Taguchi

Hinh 11. Anh chup lu@i dao bam sau khi thir nghiém qua Icamscope® (a) truong hop #3 (b) sau khi dung Taguchi

Do do, cac két qua da xac nhén ca bang mé phong 1an thyc nghiém, ré“mg phuong phap Taguchi 1a du dé
khac phuc nhuge diém vé hinh hoc cua ludi dao bam, cho két qua tot hon trong pham vi cho phép ma
khong can stir dung céc thuat toan hodc phan mém phuc tap khac.

5 KET LUAN VA PE NGHI

Trong nghién ctru hién tai, phuong phap Taguchi da dugc s dung aé nghién ctru anh huong cua cac yéu
t6 hinh hoc dén su blen dang cua ludi cat clia may bam chai nhwa va cling dé xac dinh sy két hop t6i uu
cho su bién dang tdi thiéu. Ky thuat t6i vu hoa don gian duoc st dung trong nghién ctru ndy vé co ban
bao gdm k¥ thuat mang truc giao ciia phuong phap Taguchi dugc sir dung két hop véi phén tich phuong
sai ANOVA.

Trong cac mo phong cho ludi dao bam véi tai trong bam can thiét, sau yéu t6 hinh hoc da duoc xem xét.
Tt phén tich ty 1 S/N va ANOVA dya trén phuong phap Taguchi véi mang truc giao Lis (3° ), toa do y
®100 mm va toa d6 x P28 mm la cac yéu to quan trong nhét dé giam thiéu do bién dang ciia dau ludi dao
bam. Sau d6, két qua téi wu hoa da duoc kiém ching thong qua ca md phong 1an thuc nghiém.

Sy don gian va kha ning cia phuong phap tdi wu hoa duoc sir dung trong nghién ctru ndy ching minh
tinh tién ich cua n6 trong cac cong ngh¢ san xuit khac nhau cua cac nha may quy md vira va nho, noi
khong phai luc nio ciing cd cac cong cu tdi wu hoa thuong mai. Sy hitu ich cua phuong phap hién tai
cung duoc hy vong s€ gop phan kéo nghién ciru hoc thuat dén gan thyuce tién san xudt cong nghiép hon.
Tuy nhién, do tinh chét roi rac cua phuong phép Taguchi, két qua t6i wu hoa tir phuong phap nay bi rang
budc, chi 1a mdt trong ba mirc da khao sat. Do d6, dé tim mot két qua téi uu hon nita, phuong phap bé
mat dap mg RSM sé& dugc 4p dung dé phat trién nghién ctru nay.
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LOI CAM ON

Cong trinh nghién ctru nay dugc tai tro bdi quy nghién ctru khoa khoc cta truong dai hoc Cong Nghiép
TP.HCM, theo dy 4n nghién ctru khoa hoc cap truong s6 21/1CKO1. Qua trinh do dung kinh hién vi dién
tir ICamScope® dugc thyc hién tai Phong thi nghiém Cong nghé thiét ké va gia cong tién tién, Pai hoc
Bach Khoa thanh phé H6 Chi Minh.
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